Introduction {#sec1-1}
============

Variceal bleeding is a common cause of morbidity and mortality among patients with liver cirrhosis. Every year, 3-12% of them develop varices and small varices become large in 8-12% of these patients per year \[[@ref1],[@ref2]\]. In case of bleeding, the 6-week mortality rate is 11-40% \[[@ref3],[@ref4]\]. The major predictive factors for variceal rupture are the presence of red spots and the size of varices, as confined by endoscopy, and the severity of cirrhosis, as described by Child-Pugh score \[[@ref5]-[@ref7]\]. It is of major importance to identify patients with medium and large varices, as treatment with β-blockers can diminish by 50% the odds of bleeding in these patients \[[@ref8],[@ref9]\]. The gold standard for identifying the presence and size of varices is esophagogastroduodenoscopy (EGD). Current guidelines recommend EGD to be performed in all patients with cirrhosis at the time of diagnosis and subsequently every 1-2 years, depending on the findings of the first examination and on the severity of cirrhosis \[[@ref10],[@ref11]\].

EGD has high sensitivity and specificity for the presence and grade of varices due to the ability to insufflate air and perform retroflexion in the gastric cardia and fundus. Disadvantages include the need for intravenous sedation \[[@ref12]\] and the relatively high cost, as confirmed by cost-effectiveness trials \[[@ref13]\]. Many non-invasive or minimally invasive methods have been proposed as alternatives to EGD for screening of varices. The most promising ones are the platelet count (PLT)/spleen diameter ratio \[[@ref14]-[@ref22]\], transient elastography \[[@ref23]-[@ref25]\], computed tomography (CT) scan \[[@ref26]-[@ref33]\], and video capsule endoscopy \[[@ref34]-[@ref43]\].

The aim of this prospective study was to evaluate the accuracy of multidetector CT (MDCT) for the detection of esophageal and gastric varices compared to EGD, as well as to compare the diagnostic performance of MDCT with the ratio PLT/spleen diameter in consecutive patients with liver cirrhosis.

Patients and methods {#sec1-2}
====================

The study initially included 40 cirrhotic patients. One patient with compromised renal function and one allergic to iodized contrast agents were excluded from the study. There were no exclusion criteria concerning EGD. Thirty-eight patients were finally included in the analysis. All patients gave informed consent. The Ethics Committee of the University Hospital of Patras approved the study protocol.

Diagnosis of cirrhosis was based on histology or on compatible clinical, laboratory and imaging data. All patients were subjected to EGD and MDCT examination within one month. EGD was considered the gold standard and the findings of MDCT were compared to that.

EGD {#sec2-1}
---

The findings of EGD were categorized as negative for the presence of varices, presence of small varices, or presence of large varices. Endoscopies were reviewed in consensus by a resident and a consultant who were both present during the procedure. Varices were classified into one of two grades: small (less than or equal to 5 mm) or large (greater than 5 mm) \[[@ref44]\]. Varices were also divided into esophageal and gastric, according to their location.

MDCT technique and patient preparation {#sec2-2}
--------------------------------------

N-acetylcysteine (1200 mg b.i.d.) was administered to all patients the day before the CT and the day of the CT \[[@ref45]\]. The CT examination was performed at a multidetector scanner (GE Lightspeed 16x). Slices of 5 mm thickness were acquired and reconstructed to 1.2 mm thick slices. Iodine contrast was administered intravenously with a flow rate of 3.5 mL/sec, to a total of 120 mL and scans were performed during the late arterial and venous phase. Contrast bolus chase was used for the late arterial phase. The venous phase, used for the detection of varices, was performed 30 sec after the late arterial.

Two radiologists reviewed the axial images and used an Advantage GE workstation to produce coronal and sagittal reformats, Maximum Intensity Projection (MIP) and 3D Volume Rendering Technique (3D-VRT) reconstructions in order to determine the presence, the position and the size of the varices.

Varices were classified as small when the largest diameter was \<5 mm and as large when it was ≥5 mm \[[@ref29]\]. The first radiologist was a consultant with 15-year experience in abdominal imaging (Rad1) and the second a resident with 5-year experience in radiology (Rad2). The 38 cases included in the study were reported separately by each radiologist and the interobserver variability was estimated. Rad2 reviewed the cases 12-36 months after the first assessment, blinded to the results of the endoscopy and to his previous report and the intraobserver variability was calculated. The volume of the spleen was calculated using 3D techniques (GE Advantage Workstation). The maximum dimension of the spleen was measured, using the coronal reformats.

The presence and the size of subserosal varices and portosystemic shunts were assessed to evaluate any correlation with the presence of submucosal varices. The portosystemic shunts were characterized as big if the maximum diameter of the veins was ≥5 mm and small if it was \<5 mm.

Blood tests {#sec2-3}
-----------

At the day of the admission for the EGD a blood sample was taken for liver biochemistries and coagulation tests. The PLT/spleen diameter ratio and the PLT/spleen volume ratio were calculated in all patients, except for one who had undergone splenectomy (n=37).

Patient follow up {#sec2-4}
-----------------

Patients were followed up for a median of 37 (21-44) months and any episode of upper gastrointestinal (GI) bleeding was recorded and correlated to the findings of the MDCT, EGD and PLT/spleen ratio.

Statistical analysis {#sec2-5}
--------------------

PASW Statistics version 18 (SPSS Inc, USA) was used for the statistical analysis. The sensitivity, specificity, negative and positive predictive values of the MDCT diagnosis of esophageal varices, were calculated. Independent *t*-test was used to detect differences in the mean value of PLT/spleen diameter or volume ratios between patients with positive and negative EGD for the presence of varices. A receiver operating characteristic (ROC) curve was fitted to each observer's confidence rating data and to the performance of the PLT/spleen diameter and volume ratios. The area under the ROC curve (Az) was calculated, in order to estimate the performance of each test \[[@ref46]\]. Kappa statistics were used to evaluate interobserver and intraobserver agreement with regard to the presence of esophageal varices. A kappa value of up to 0.20 indicates a slight agreement; 0.21-0.40, fair; 0.41-0.60, moderate; 0.61-0.80, substantial; and 0.81-1.00, almost perfect \[[@ref47]\]. Finally, the extended McNemar test was applied to test the significance of the differences between the sensitivities and specificities of MDCT and PLT/spleen diameter ratio \[[@ref48]\].

Results {#sec1-3}
=======

Thirty-eight patients \[M/F: 30/8, mean age: 63 years (range 48-81)\] were included. The etiology of cirrhosis was excess alcohol consumption in 18 patients, viral hepatitis in 13 patients, and other causes in 7 patients. Twenty-one patients were classified as Child-Pugh A, 11 as Child-Pugh B, and 6 as Child-Pugh C.

MDCT findings {#sec2-6}
-------------

Varices were detected by EGD in 24 of 38 patients ([Fig. 1](#F1){ref-type="fig"}). No correlation between the presence of varices and the severity of liver disease was observed (P=0.444). The mean sensitivity for the detection of varices by MDCT for the three assessments (1 assessment by Rad1 and 2 assessments by Rad2) was 86.1% and the mean specificity 57.1%. The rate of detection of each observer for the presence of varices, the presence of esophageal or gastric varices, and the presence of large varices are presented in [Table 1](#T1){ref-type="table"}.

![True positive computed tomography scans for esophageal varices. (A) Small submucosal (thin arrow) and subserosal (thick arrow) esophageal varices. (B) Big submucosal esophageal varices](AnnGastroenterol-29-71-g001){#F1}

###### 

Sensitivity, specificity, negative and positive predictive values for the 3 computed tomography (CT) observations and the mean values

![](AnnGastroenterol-29-71-g002)

*Large varices*

EGD revealed large varices in 4 patients ([Fig. 1](#F1){ref-type="fig"}). Both radiologists correctly identified all patients with large varices (sensitivity 100%). They also identified 5 patients as having large varices, whereas endoscopy did not reveal large varices. All but one of these 5 false positive patients were found to have small varices at endoscopy. This means that even though the specificity for the correct characterization of the size of the varices was only 44.5%, only one patient (1/9=11.1%) was falsely characterized for the presence of varices ([Fig. 2](#F2){ref-type="fig"}).

![False positive computed tomography (CT) scans for gastric and esophageal varices. (A) Large varices are demonstrated within the stomach, although the endoscopy was negative. (B) False positive CT for esophageal varices. Subserosal varices are clearly viewed (thick arrow). The small hyperdense dots (thin arrows) were thought to be submucosal varices but the endoscopy did not confirm the diagnosis](AnnGastroenterol-29-71-g003){#F2}

*Interobserver and intraobserver variability*

The Az values calculated from ROC analysis were 0.723 (95%CI 0.543-0.903) for Rad1, 0.667 (95%CI 0.479-0.854) and 0.759 (95%CI 0.587-0.931) for the two evaluations of Rad2. The kappa value for interobserver and intraobserver agreement of variceal detection were 0.872 and 0.813 respectively, demonstrating very satisfactory interobserver and intraobserver agreement \[[@ref47]\].

PLT/spleen diameter or volume ratio {#sec2-7}
-----------------------------------

The mean PLT/spleen diameter ratio was lower in patients with varices compared to patients without varices; however, this difference was not statistically significant (889.46 vs. 1147.44, P=0.067). Using the cut-off value of 909, as proposed in the majority of studies \[[@ref15],[@ref16],[@ref20],[@ref22]\], the sensitivity for the detection of varices and large varices was 56.5% and 25%, respectively, and the specificity for the presence of varices was 35.7%. The ROC curve was applied to determine the cut-off value with the best sensitivity and specificity of the PLT/spleen diameter ratio. A cut-off value of 704.298 rendered sensitivity of 56.5% and specificity of 71.4% and a cut-off value of 1310.597 had a sensitivity of 82.6% and a specificity of 35.7%. The Az value was 0.556 (95%CI 0.349-0.763). The results are presented in detail in [Table 2](#T2){ref-type="table"}.

###### 

Sensitivity, specificity, negative and positive predictive values for the 3 computed tomography (CT) observations (mean), the platelet (PLT)/spleen diameter and PLT/spleen volume ratios

![](AnnGastroenterol-29-71-g004)

Likewise, the PLT/spleen volume ratio was calculated, as in many cases the maximum diameter may not accurately represent its volume due to the shape of the spleen. The mean PLT/spleen volume ratio was significantly lower in patients with varices than in patients without varices (249.99 vs. 443.46, P=0.006). The ROC curve was applied to determine the best cut-off value and the value of 632.718 rendered sensitivity of 91.3% and specificity of 35.7%. The Az value was 0.562 (95%CI 0.351-0.773) ([Table 2](#T2){ref-type="table"}).

Comparison of MDCT to PLT/spleen diameter ratio {#sec2-8}
-----------------------------------------------

The comparison of the Az values for MDCT and PLT/spleen ratio showed that MDCT was superior to PLT/spleen ratio. The Az values for the 3 CT observations were 0.723, 0.667 and 0.759, demonstrating a fair accuracy of the test \[[@ref46]\]. In contrast, the Az value of PLT/spleen diameter ratio and PLT/spleen volume ratio was 0.556 and 0.562, respectively.

The extended McNemar test was applied to test the significance of the differences in sensitivity and specificity of the two methods \[[@ref48]\]. The sensitivity and specificity of the 2^nd^ observation of Rad2 was compared to the sensitivity and specificity obtained using the cut-off value of 909 of the PLT/spleen diameter ratio. There were 9 patients with true positive results in MDCT and false negative in the PLT/spleen diameter ratio, 2 patients with true positive result in PLT/spleen diameter ratio and false negative in MDCT, 6 patients with true negative result in MDCT and false positive in PLT/spleen diameter ratio and 2 patients with true negative result in PLT/spleen diameter ratio and false positive in MDCT. Using these numbers as described by Hawass \[[@ref48]\], x^2^ is calculated: x^2^=(9-2)^2^/(9+2) + (6-2)^2^/(6+2)=6.45. This is above the critical value for 0.05 significance level for two degrees of freedom, which is x^2^=5.99, consequently the overall differences in sensitivities and specificities for the two methods were significant.

Portosystemic shunts {#sec2-9}
--------------------

In 35 of 38 patients MDCT revealed portosystemic shunts, which were coronary venous collateral vessels varices in the majority of cases (28 patients). Other frequently encountered shunts were paraesophageal varices, splenorenal shunts and recanalization of the omphalic vein. There was no significant correlation between the presence of these shunts, irrespectively of their size, and the presence of submucosal varices at endoscopy, as presented in [Table 3](#T3){ref-type="table"}.

###### 

Correlation of the presence of porto-systemic shunts and the results of endoscopy on submucosal varices

![](AnnGastroenterol-29-71-g005)

Follow up {#sec2-10}
---------

During the follow-up period, 4 patients presented with an episode of variceal bleeding. Endoscopy at the time of the examination demonstrated large varices in one of them and small varices in 2, but did not show any varices in the fourth patient. The mean interval between endoscopy and the time of bleeding in these 4 patients was 21.3 months. MDCT correctly identified large and small varices in these 3 patients, but was also negative for the fourth patient. Finally, the PLT/spleen diameter ratio, using the cut-off value of 909 was indicative for portal hypertension and presence of varices for the patient that was reported as having no varices in endoscopy, and negative in one of the three patients with varices.

Discussion {#sec1-4}
==========

Previous studies have demonstrated the cost-effectiveness and patients' preference of MDCT over EGD \[[@ref28]-[@ref29]\] for the detection of gastroesophageal varices. The aim of this study was to add evidence to establish MDCT as an alternative screening method for varices. Moreover, we aimed to compare two of the most popular non-invasive methods for the detection of varices, MDCT and PLT/spleen ratio in the same group of patients. To our knowledge, this direct comparison has never been performed in previous studies.

The sensitivity and the specificity of MDCT in our study were similar to those reported in previous studies ([Table 4](#T4){ref-type="table"}). Many of these studies refer only to the detection of large varices; consequently, the reported accuracy is better. In our study, the main drawback of MDCT was the relatively low specificity for the detection of small varices. We believe that it is mainly attributed to the limited capability of MDCT to discriminate submucosal from subserosal varices ([Fig. 1](#F1){ref-type="fig"}, [2](#F2){ref-type="fig"}). Artifacts at the area of lower esophagus can also be misinterpreted for small varices ([Fig. 2](#F2){ref-type="fig"}). Additionally, false negative results of EGD can lead to the impression of low specificity of MDCT ([Fig. 2A](#F2){ref-type="fig"}). It has been shown in previous studies that the interobserver agreement of the endoscopists for the determination of variceal size is relatively low \[[@ref29],[@ref49]\]. Although endoscopy is the gold standard, its sensitivity for the detection of varices has not been proven to be 100%. Examples like the one in [Fig. 2A](#F2){ref-type="fig"} show that indeed endoscopy may have false negative results, although this cannot actually be proven. Overall sensitivity of 86.1% for MDCT is satisfactory, but, most importantly, sensitivity of 100% for large varices implicates the efficacy of the method.

###### 

Results of studies on the use of computed tomography (CT) for the detection of gastroesophageal varices

![](AnnGastroenterol-29-71-g006)

The prognostic value of PLT/spleen diameter ratio is debatable. A relatively good accuracy of the method was reported initially \[[@ref14]-[@ref17]\], but other studies failed to confirm these results \[[@ref18]-[@ref22]\] ([Table 5](#T5){ref-type="table"}). The accuracy is even less satisfactory considering that the last 2 studies \[[@ref21]-[@ref22]\] refer to the detection of large \[[@ref22]\] or high risk varices \[[@ref21]\] (large or small with red wale marks) and that the cut-off value that is used as a predictor for the presence of varices, varies among them. In our study, the results using the cut-off value of 909 are suboptimal. The sensitivity increases up to 82.6% by choosing the cut-off value of 1310, but the specificity is considerably low (35.7%). The optimal cut-off value (704) rendered a sensitivity of 56.5% and specificity of 71.4%. The PLT/spleen volume ratio produced slightly better results, with the sensitivity reaching 91.3% but still with very low specificity (35.7%).

###### 

Results of studies on platelet/spleen diameter ratio for the detection of gastroesophageal varices

![](AnnGastroenterol-29-71-g007)

The differences in sensitivity and specificity when MDCT was compared to PLT/spleen ratio proved to be statistically significant, suggesting the superiority of MDCT. For simplicity, only one of the MDCT observations was used for the comparison and only the results of the cut-off value of 909 were used, since this is the value most widely used in the literature.

The main advantage of the PLT/spleen diameter ratio is that it can be easily performed, with minimal cost or complications. On the other hand, the fact that the cut-off value varies among studies makes it less reliable. The relatively low accuracy, demonstrated in our study, as well as in previous ones, limits its usefulness. An additional drawback is the inability to discriminate between large and small varices.

Considering MDCT, the radiation dose is the main limitation. Nevertheless, the mean age of these patients is usually high (63 in our study). The benefits of preventing a hemorrhage and early detecting a hepatocellular carcinoma, override the carcinogenesis danger \[[@ref50]\]. The second limitation of MDCT is the use of contrast media, leading to the exclusion of patients with poor renal function or allergy. The main advantage of MDCT is its relatively high accuracy, reaching 100% in our study for the detection of large varices, combined with minimal invasiveness. In order the examination to be as comfortable as possible for the patient, only water and intravenous contrast was administered in our study and no air was insufflated, as has been previously performed \[[@ref28]\]. An additional benefit is the detection of focal liver lesions or other extraluminal pathology.

The ideal way to evaluate MDCT and to compare it to EGD would be to follow up the patients for longer periods and to compare the bleeding rates between the two methods. Our study has the statistical power to prove the superiority of MDCT to PLT/spleen diameter ratio, using EGD as the gold standard. Nevertheless, the number of patients was not big enough to provide an adequate number of patients with an episode of bleeding and to reach final conclusions about the validity of the three tests, despite the prolonged follow-up period.

###### Summary Box

**What is already known:**

The gold standard to identify the presence and size of varices in patients with cirrhosis is upper gastrointestinal endoscopyEndoscopy is accompanied with various disadvantages including the need for intravenous sedation and the relatively high costMany non-invasive or minimally invasive methods have been proposed as alternatives to endoscopy for variceal bleeding

**What the new findings are:**

Multidetector computed tomography (MDCT) had a high sensitivity to detect varices in patients with cirrhosisMDCT had a 100% sensitivity to detect large varices in patients with cirrhosisMDCT had a better diagnostic accuracy for the detection of varices in patients with cirrhosis compared to platelet count/spleen diameter ratio

In conclusion, this study adds evidence for the use of MDCT in the detection of esophageal and gastric varices. Furthermore, it demonstrates the superiority of the method compared to the PLT/spleen diameter ratio. Studies which will verify the predicting value of the MDCT compared to EGD for the bleeding rate, in a larger number of patients, could clarify the true accuracy of the methods.
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